Introduction {#s0001}
============

Endometrial cancer (EC) is common and fearful in females.[@cit0001],[@cit0002] The rate of EC-resulted death accounts for a large proportion in women-related cancers.[@cit0003],[@cit0004] At present, surgery and chemoradiotherapy are the main methods for treating EC patients at the early stage.[@cit0005] Nevertheless, patients diagnosed at advanced stages often undergo a worse outcome.[@cit0006],[@cit0007] Therefore, understanding the mechanisms that underlie EC is critical for developing a new treatment strategy. Exosomes are a kind of extracellular membranous vesicle, containing DNAs and various forms of RNAs.[@cit0008] They are often released into the micro-environment and act as vehicles in cell-to-cell communication.[@cit0009],[@cit0010] More importantly, exosomes are increasingly recognized as a liquid biopsy technique to aid in the diagnosis of malignancies.[@cit0011],[@cit0012] Thus, to investigate exosomes that contain some specific nucleic acids and proteins may be of great significance in clinical application of EC.

Long non-coding RNAs (lncRNAs) have been reported to be involved in tumorigenesis and progression of EC.[@cit0013]--[@cit0015] Up-regulation of lncRNA CHL1-AS1 accelerates the proliferation and migration of EC cells,[@cit0013] and overexpression of lncRNA CCAT1 promotes the growth of EC.[@cit0015] The high expression of lncRNA 14,327.1 motivates the potential of EC cells in migration and invasion.[@cit0014] Additionally, emerging evidences have been displayed that lncRNA deleted in lymphocytic leukemia1 (DLEU1) is also involved in the occurrence and progression of EC. Up-regulation of DLEU1 promotes the viability, migration, invasive ability of EC cells,[@cit0017] and the progression of EC.[@cit0018]

Recently, researchers have found that microRNAs (miRNAs) serve as anti-tumor roles by regulating cell proliferation, apoptosis, metastasis and invasion.[@cit0019],[@cit0020] MiR-6076 and miR-361 have been reported to suppress the proliferation and migration of EC cells.[@cit0013],[@cit0016] MiR-152 can dampen the growth and metastasis of EC.[@cit0019] Besides, miR-381 has been displayed to play an inhibitory role in EC.[@cit0021] Up-regulation of miR-381 inhibits the proliferation and invasion of EC cells.[@cit0021] Nevertheless, whether lncRNA DLEU1 regulates miR-381-3p on EC remains unclear.

It has been widely known that E2F Transcription Factor 3 (*E2F3*) is a member of the E2Fs family.[@cit0022] As an oncogene, it plays an important role in cell proliferation and apoptosis.[@cit0023]--[@cit0026] *E2F3* can accelerate progression of ovarian cancer (OC),[@cit0023] and gastric cancer (GC),[@cit0025] and *E2F3* knockdown inhibits the proliferation, migration and invasion of bladder cancer cells.[@cit0024] Furthermore, *E2F3* promotes the cell cycle and proliferation, eventually expediting the progression of EC.[@cit0026] Thus, this study preliminarily explored the potentially modulatory role of DLEU1/miR-381-3p/*E2F3* axis in EC.

In current study, the effect of exosomal DLEU1 on the progression of EC, and the regulatory mechanisms between DLEU1 and miR-381-3p/*E2F3* axis were investigated. Findings of this study may provide a potential therapeutic target for EC.

Materials and Methods {#s0002}
=====================

Tissues Collection {#s0002-s2001}
------------------

Sixty-two EC patients (\<50, n = 27; ≥50, n = 35) were selected in The First Affiliated Hospital, Jinan University from 2017 to 2019. The age range of the 62 patients was 35 to 66 years (mean age, 46.1±4.9 years). All EC patients were confirmed via histopathological examination. The inclusion criteria included first-time diagnosis and no prior history of radiotherapy, chemotherapy or other adjuvant therapies. The exclusion criteria included the presence of other types of malignant tumor and patients who had received EC treatment before admission. The tumor and adjacent normal tissues (within 2 cm of the tumors) of the patients were collected by surgery. Each patient of this study obtained the written informed consent. The protocols of this study were reviewed and approved by ethical committee in The First Affiliated Hospital, Jinan University (Approval ID: 2019-LSPK-009).

Cell Grouping and Transfection {#s0002-s2002}
------------------------------

The human EC cell lines (KLE, Ishikawa, RL95-2 and HEC-1A) were procured from Procell Life Science & Technology, Ltd (Wuhan, China). The human endometrial-stromal cell line (hESC) was procured from Otwo Biotech, Ltd (Shenzhen, China). The cells were grown in Roswell Park Memorial Institute (RPMI) 1640 medium containing 10% fetal bovine serum (FBS) at 37°C with 5% CO~2~. shRNA-negative control (sh-NC), shRNA-*E2F3* (sh-*E2F3*) and shRNA-DLEU1-1/-2 (sh-DLEU1-1/-2) were procured from Sangon Biotech, Inc (Shanghai, China). Overexpression-DLEU1 (pcDNA-DLEU1), miR-381-3p mimics and their negative controls (pcDNA-NC, miR-NC) were all procured from Ribo Biotech, Ltd (Guangzhou, China). The cells were transfected with the aforementioned agents using a Lipofectamine RNAiMAX kit (Invitrogen, Carlsbad, CA, USA) for 48 h. At 48 h after transfection, the cells were harvested to perform the following experiments.

Isolation of Exosomes {#s0002-s2003}
---------------------

After transfection, the EC cells were sequentially cultured in RPMI 1640 medium containing 10% FBS without exosomes at 37°C with 5% CO~2~. After 72 h of culture, the supernate and cell fragments were separated using centrifuges. The collecting supernatant was utilized to extract the exosomes using a GM™ Exosome Isolation Reagent kit (Geneseed Biology, Inc, Guangzhou, China) and the mixtures were incubated at 4°C for 30 min. Subsequently, the mixtures were centrifuged at 2000 g for 30 min. The obtained precipitates were the exosomes. The surface marker proteins of exosomes CD9 (1:1000; Abcam), CD63 (1:1000; Abcam) and CD81 (1:1000; Abcam) were used to identify the exosomes by Western blot.

Establishment of Cell Co-Culture System {#s0002-s2004}
---------------------------------------

The receptor Ishikawa cells (without transfection) were seeded into the basolateral chamber of Transwell. After 24 h, Ishikawa cells (donor cells) transfected with sh-*E2F3*, miR-381-3p mimics, pcDNA-DLEU1 and pcDNA-NC were seeded into the apical chamber of Transwell culture plate. All the aforementioned cells were seeded with 2 × 10^5^ cells per well. Following co-culture for 24 h, the receptor cells and the exosomes were collected for extracting the total RNA.

Quantitative Reverse Transcription-PCR (qRT-PCR) {#s0002-s2005}
------------------------------------------------

Total RNA was extracted using a TRIzol kit (Invitrogen, Inc.) and reversely transcribed into cDNA using the GoScript reverse transcription system (Promega, Madison, WI, USA). Then, the cDNA was subjected to qRT-PCR analysis. The thermocycling conditions were as follows: 94°C for 5 min, followed by 40 cycles at 94°C for 10 sec, 60°C for 40 sec and 72°C for 1 min. Glyceraldehyde 3-phosphate dehydrogenase (GADPH) was used as the internal reference. Gene expression was quantified using the 2^−ΔΔCt^ method.

Cell Viability Assay {#s0002-s2006}
--------------------

The viability of EC cells was detected by MTT assay. Cells were seeded into a 96-well plate with 2 × 10^5^ cells per well. Subsequently, the cells were incubated for 24, 48, 72 and 96 h. Then, 20 µL MTT (GENECHEM, Inc, Shanghai, China) was added to each well at different time points. After that, the cells were incubated for another 2 h at 37°C. The viability (OD450) was analysed using a Multiskan Spectrum microplate reader (Thermo Fisher Scientific).

Wound Healing Assay {#s0002-s2007}
-------------------

Cells (2 × 10^5^) were seeded into 6-well plates and grown until 100% confluence in RPMI 1640 medium. Then, wounds on the cell monolayer were created using a pipette tip. After that, the cells were incubated for 24 h in a serum-free medium. At 0 h and 24 h, the measurement and imaging of wound closure were measured by AxioVision v4.7 software (Carl Zeiss Meditec, Dublin, CA, USA) under a microscope (magnification, × 200).

Transwell Invasion Assay {#s0002-s2008}
------------------------

Transwell chamber (Becton, Dickinson and Company, FL, NJ, USA) with Matrigel coating was utilized to detect cell invasion. The upper chamber was seeded at a density of 2 × 10^5^ cells per well in a serum-free medium. RPMI 1640 medium in the lower chamber containing 10% FBS was used as chemoattractant. After incubation for 3 h at 37°C with 5% CO~2~, the cells in the lower chamber were stained for 15 min with 0.5% crystal violet (Merck KGaA, Darmstadt, Germany) at room temperature. Light microscope (magnification, × 400) was used to count the stained cells in five randomly selected fields.

Tumor Xenografts in Nude Mice {#s0002-s2009}
-----------------------------

The healthy female BALB/c nude mice (weighing 20 ± 2g) were procured from Cavens Lab, Ltd (Changzhou, China). At a controlled temperature of 20°C, the mice were maintained in sterile environment under a 12 h cycle (12 h for light and 12 h for dark). Subsequently, mice were divided into two groups: the sh-DLEU1-1 group and the sh-NC group (n = 5). Sh-DLEU1-1 or sh-NC was integrated into lentiviral vector and then transfected into Ishikawa cells. After that, the transfected Ishikawa cells (2 × 10^6^ cells/100 ul, s.c.) were injected into the right flanks of the nude mice. Tumor volumes were measured every other week. Four weeks later, mice were anesthetized with pentobarbital sodium (50 mg/kg) and then sacrificed by cervical dislocation. The tumor xenograft was separated from mice and weighted. The study was performed in the Animal Experimental Center of The First Affiliated Hospital, Jinan University. All animal experiments were undertaken according to the National Institutes of Health Guide for the Care and Use of Laboratory Animals, and with the approval of ethical committee in The First Affiliated Hospital, Jinan University (Approval ID: 2018-LSPK-009).

Fluorescence-Labeled Exosomes and Uptake of the Exosomes Assay {#s0002-s2010}
--------------------------------------------------------------

Based on the manufacturer's instructions, the Exo-Green fluorescent staining kit PKH67 (Yanzai Biology, Ltd, Shanghai, China) was used to label the exosomes. In brief, the exosomes were re-suspended with PBS and mixed with Exo-Green, and then incubated for 10 min. Exo Quick-TC reagent was added to terminate the labeling reaction. After the mixture was centrifuged, the supernatant was discarded and exosomes were re-suspended with PBS for further use. Cells (1 × 10^5^) were seeded into a 35-mm dish, after the cells adhered to the wall, the labeled exosomes with 100--150 μL were added, cultured for 24 h, and observed under a confocal microscope (magnification, × 400).

Western Blot Analysis {#s0002-s2011}
---------------------

RIPA buffer containing protease inhibitors was used to extract proteins from cells, followed by detecting the protein concentrations using the BCA Protein Assay Kit (Abcam, Cambridge, MA, USA). Approximately 30 µg proteins were separated by 10% sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred into polyvinylidene fluoride (PVDF) membrane. Membrane blocking was performed using 5% bovine serum albumin (BSA) at room temperature. Next, the membrane was incubated overnight at 4°C with primary antibodies against E2F3 (1:1000; Abcam). Then, tris-buffered saline Tween-20 (TBST) was used to wash the membranes for 3 times. Subsequently, at room temperature, the HRP-conjugated anti-mice IgG secondary antibody (1:3000; Santa Cruz, Waltham, MA, USA) was added to incubate for 1 h. β-actin served as the internal reference. The membrane was developed by Chemiluminescence reagents (Thermo Fisher Scientific) under a Gel-Pro analyzer (version 4.0, USA).

Dual-Luciferase Reporter Assay {#s0002-s2012}
------------------------------

The cloning 3ʹUTR sequences containing the binding site were inserted into pGL3 vector, thus constructing the wild-type vector. The mutant-type vector was constructed using a Phusion Site-Directed Mutagenesis Kit (Thermo Fisher Scientific). Wild-type/mutant-type vector and miR-381-3p mimics/miR-NC were co-transfected into the cells at 37°C for 48 h. Then, the cells were lysed. The collecting supernatant was utilized to measure the relative luciferase activity by a Dual-Luciferase Reporter Assay System (Promega).

Statistical Analysis {#s0002-s2013}
--------------------

SPSS Statistics software (version 20.0, USA) was used to perform statistical analyses. Data were presented as the means ± standard deviation (SD). Student's *t*-tests were used to assess the differences between two groups. One-way ANOVA followed by Tukey's multiple comparisons test was used to evaluate the differences among multiple groups. Pearson's correlation analysis was used to determine the correlation between the expression levels of miR-381-3p and DLEU1/*E2F3* in EC tissues. P-value less than 0.05 indicated a statistically significant difference. All experiments were conducted in triplicate in at least three independent trials.

Results {#s0003}
=======

LncRNA DLEU1 is Highly Expressed in EC Tissues and EC Cells {#s0003-s2001}
-----------------------------------------------------------

Based on TCGA database, DLEU1 expression in uterine corpus endometrial carcinoma (UCEC) and normal tissues was analysed. The results showed that DLEU1 expression was increased in UCEC tissues in contrast to that in normal tissues ([Figure 1A](#f0001){ref-type="fig"}, *P* \< 0.05). The results of qRT-PCR displayed that DLEU1 expression was higher in tumor tissues in contrast to that in adjacent tissues ([Figure 1B](#f0001){ref-type="fig"}, *P* \< 0.001). DLEU1 was highly expressed in stage III/IV of EC compared to that in stage I/II ([Figure 1C](#f0001){ref-type="fig"}, *P* \< 0.001). In addition, the high expression and low expression of DLEU1 exhibited significant differences in World Health Organization (WHO) stage ([Table 1](#t0001){ref-type="table"}, *P* \< 0.01). Meanwhile, DLEU1 expression in EC cell lines (Ishikawa, HEC-1A RL95-2 and KLE) was dramatically increased in contrast to that in the hESC cells ([Figure 1D](#f0001){ref-type="fig"}, *P* \< 0.01). The expression of DLEU1 in Ishikawa and HEC-1A cell lines was higher than that in both RL95-2 and KLE cell lines. Therefore, Ishikawa and HEC-1A cell lines were chosen to perform the following experiments.Table 1Correlations Between lncRNA DLEU1 Expression and Clinicopathological Characteristics in ECVariablesTotalDLEU1 Expression*P*-valueLow (31)High (31)Age0.200 \<50271611 ≥50351520Tumor size0.127 \<5cm301812 ≥5cm321319Resection degree0.611 Total resection321715 Subtotal resection301416WHO stage\*\**P* \< 0.01 Ⅰ/Ⅱ352411 III/IV27720[^1][^2] Figure 1Long non-coding RNA (lncRNA) Deleted Lymphocytic Leukemia 1 (DLEU1) is highly expressed in endometrial carcinoma (EC) tissues and cells. (**A**) The expression of DLEU1 in uterine corpus endometrial carcinoma (UCEC) tissues and normal tissues was analyzed in TCGA. \**P* \< 0.05. (**B**) The expression of lncRNA DLEU1 in EC tissues (n = 62) and adjacent tissues (n = 62) was detected by quantitative reverse transcription-PCR (qRT-PCR). *P* \< 0.001. (**C**) The expression of lncRNA DLEU1 at different World Health Organization (WHO) stages was detected by qRT-PCR. *P* \< 0.001. (**D**) The expression of lncRNA DLEU1 in EC and human endometrial-stromal cell line (hESC) cells was detected by qRT-PCR. \*\**P* \< 0.01 vs the hESC cells group.

LncRNA DLEU1 Knockdown Inhibits the Proliferation, Migration and Invasion of EC Cells in vitro and the Growth of Tumor Xenograft in vivo {#s0003-s2002}
----------------------------------------------------------------------------------------------------------------------------------------

Following transfection of sh-DLEU1-1/-2 into Ishikawa and HEC-1A cells, the efficiency of transfection was detected by qRT-PCR. The results showed that DLEU1 expression was dramatically decreased after transfection of sh-DLEU1-1/-2 ([Figure 2A](#f0002){ref-type="fig"}, *P* \< 0.01), which demonstrated that sh-DLEU1-1/-2 has been transfected into EC cells successfully. MTT assay showed that the viability of Ishikawa and HEC-1A cells was obviously reduced in the sh-DLEU1-1 group compared with the sh-NC group ([Figure 2B](#f0002){ref-type="fig"}, *P* \< 0.01). Similarly, wound healing assay and transwell invasion assay, respectively, uncovered that the migration ability and invasion ability of EC cells were both restrained by DLEU1 knockdown ([Figure 2C](#f0002){ref-type="fig"} and [D](#f0002){ref-type="fig"}, *P* \< 0.01). In addition, we also investigated the effect of DLEU1 knockdown on the growth of tumor xenograft in vivo. Four weeks later, the results demonstrated that in comparison to the sh-NC group, tumor volume and tumor weight were both distinctly decreased in the sh-DLEU1-1 group ([Figure 2E](#f0002){ref-type="fig"}, *P* \< 0.01).Figure 2Long non-coding RNA (lncRNA) Deleted Lymphocytic Leukemia 1 (DLEU1) knockdown inhibits the proliferation, migration and invasion of endometrial carcinoma (EC) cells. (**A**) The expression of DLEU1 in EC cells was detected by quantitative reverse transcription-PCR (qRT-PCR). (**B**) The viability (OD450) of EC cells was measured by 3-(4,5-Dimethyl-2-Thiazolyl)-2,5-Diphenyl-2-H-Tetrazolium Bromide (MTT) Assay. (**C**) The wound healing rate of EC cells was measured by wound healing assay. (**D**) The number of invasion cells was measured by transwell invasion assay. (**E**) The tumor volumes were monitored at different time points and tumor weights were measured 4 weeks later. \*\**P* \< 0.01 vs the shRNA (sh)-negative control (NC) group. OD: optical density.

Exosomes are Uptaken by Ambient EC Cells {#s0003-s2003}
----------------------------------------

The exosomes isolated from Ishikawa cells were authenticated by Western blot assay. The results revealed that the expression levels of exosomal markers (CD63, CD9, CD81) in the exosomes group were increased obviously compared to those in the whole cells group ([Figure 3A](#f0003){ref-type="fig"}). Therefore, we confirmed that the exosomes were extracted successfully. After that, the fluorescence-labeled exosomes were observed using a confocal microscope, and we found that the exosomes were uptaken by Ishikawa receptor cells and intensively distributed around the nucleus ([Figure 3B](#f0003){ref-type="fig"}).Figure 3Exosomes are uptaken by ambient EC cells. (**A**) Exosomes surface marker proteins CD63, CD9 and CD81 were detected by Western blot. (**B**) Uptake of exosomes was observed by a confocal microscope.

LncRNA DLEU1 Targets miR-381-3p {#s0003-s2004}
-------------------------------

To investigate the role of DLEU1 on miR-381-3p, we first detected miR-381-3p expression in UCEC and normal tissues in the TCGA database and found that miR-381-3p expression in UCEC tissues was decreased compared with the normal tissues ([Figure 4A](#f0004){ref-type="fig"}, *P* \< 0.01). Based on Starbase database, eight miRNAs were chosen to screen out a target of DLEU1 by dual-luciferase reporter assay. As shown in [Figure 4B](#f0004){ref-type="fig"}, luciferase activity both in the miR-7-5p + DLEU1 group and miR-381-3p + DLEU1 group was significantly decreased in contrast to other groups (*P* \< 0.01). Therefore, miR-381-3p was chosen to perform the subsequent trails due to the lower luciferase activity than miR-7-5p. Through Starbase software, potential binding site between DLEU1 and miR-381-3p was depicted ([Figure 4C](#f0004){ref-type="fig"}). To further identify whether DLEU1 directly binds to miR-381-3p, the expression of miR-381-3p was detected after transfection of sh-DLEU1-1. The results showed that DLEU1 knockdown promoted miR-381-3p expression ([Figure 4D](#f0004){ref-type="fig"}, *P* \< 0.01). The luciferase activity in the DLEU1-WT/miR-381-3p mimics group was obviously reduced compared to the DLEU1-WT/miR-NC group ([Figure 4E](#f0004){ref-type="fig"}, *P* \< 0.01). MiR-381-3p expression was down-regulated in tumor tissues in comparison to that in adjacent tissues ([Figure 4F](#f0004){ref-type="fig"}, *P* \< 0.001). Besides, there was a significant inverse correlation between DLEU1 and miR-381-3p expression in EC tissues ([Figure 4G](#f0004){ref-type="fig"}, *P* \< 0.001, r = −0.4397). The above data implied that miR-381-3p was a target of DLEU1 and was negatively modulated by DLEU1.Figure 4MicroRNA (MiR)-381-3p is the direct target of long non-coding RNA (lncRNA) Deleted Lymphocytic Leukemia 1 (DLEU1). (**A**) The expression of miR-381-3p in uterine corpus endometrial carcinoma (UCEC) tissues and normal tissues was analyzed in TCGA. \*\**P* \< 0.01. (**B**) The luciferase activity of eight miRNAs selected from starbase database was detected by dual-luciferase reporter assay. \**P*, \*\**P* \< 0.01 vs the negative control (NC) group. (**C**) The predicted complementary binding site of lncRNA DLEU1 and miR-381-3p. (**D**) The expression of miR-381-3p after transfection of shRNA (sh)-DLEU1-1/NC in EC cells was detected by quantitative reverse transcription-PCR (qRT-PCR). \*\**P* \< 0.01 vs the sh-NC group. (**E**) The luciferase activity in endometrial carcinoma (EC) cells co-transfected with pGL3-DLEU1 wild type (WT)/pGL3-DLEU1 mutation type (MUT) and miR-381-3p mimics/NC was determined by dual-luciferase reporter assay. \*\**P* \< 0.01 vs the miR-NC group. (**F**) The expression of miR-381-3p in tumor tissues (n = 62) and adjacent tissues (n = 62) was detected by qRT-PCR. *P* \< 0.001. (**G**) The correlation between miR-381-3p and DLEU1. *P* \< 0.001, r = −0.4397.

MiR-381-3p Inhibits the Proliferation, Migration, and Invasion of EC Cells {#s0003-s2005}
--------------------------------------------------------------------------

To investigate the role of miR-381-3p on the biological functions of EC cells, the transfection efficiency of miR-381-3p was detected. qRT-PCR results uncovered that miR-381-3p mimics significantly increased miR-381-3p expression ([Figure 5A](#f0005){ref-type="fig"}), suggesting that miR-381-3p mimics were successfully transfected into EC cells. Up-regulation of miR-381-3p suppressed the EC cell viability ([Figure 5B](#f0005){ref-type="fig"}, *P* \< 0.01), and wound healing rate and number of invasion cells ([Figure 5C](#f0005){ref-type="fig"} and [D](#f0005){ref-type="fig"}, *P* \< 0.01). These data indicated that up-regulation of miR-381-3p could inhibit the cell viability, migration ability and invasion ability of EC cells in vitro.Figure 5MicroRNA (MiR)-381-3p suppresses the proliferation, migration and invasion of endometrial carcinoma (EC) cells. (**A**) The expression of miR-381-3p after transfection of miR-381-3p mimics/negative control (NC) in EC cells was detected by quantitative reverse transcription-PCR (qRT-PCR). (**B**) The viability (OD450) of EC cells was measured by 3-(4,5-Dimethyl-2-Thiazolyl)-2,5-Diphenyl-2-H-Tetrazolium Bromide (MTT) Assay. (**C**) The wound healing rate of EC cells was measured by wound healing assay. (**D**) The number of invasion cells was measured by transwell invasion assay. \*\**P* \< 0.01 vs the miR-NC group. OD: optical density.

E2F3 {#s0003-s2006}
----

To explore whether miR-381-3p regulates *E2F3*, we predicted the potential binding site between miR-381-3p and *E2F3* using Targetscan software ([Figure 6A](#f0006){ref-type="fig"}). Dual-luciferase reporter assay displayed that the luciferase activity was dramatically reduced in the presence of wild type of *E2F3* with miR-502-3p binding, but not miR-NC ([Figure 6B](#f0006){ref-type="fig"}). *E2F3* expression was higher in tumor tissues than that in adjacent tissues ([Figure 6C](#f0006){ref-type="fig"}, *P* \< 0.001) and was negatively correlated with miR-381-3p expression ([Figure 6D](#f0006){ref-type="fig"}, *P* \< 0.001). miR-381-3p overexpression decreased E2F3 protein expression ([Figure 6E](#f0006){ref-type="fig"}). In a word, the above results demonstrated that *E2F3* was the target gene of miR-381-3p and was negatively modulated by miR-381-3p.Figure 6Identification of E2F Transcription Factor 3 (*E2F3*) as the target gene of microRNA (miR)-381-3p. (**A**) The predicted complementary binding site of *E2F3* and miR-381-3p. (**B**) The luciferase activity in endometrial carcinoma (EC) cells co-transfected with pGL3-*E2F3* wild type (WT)/pGL3-*E2F3* mutation type (MUT) and miR-381-3p mimics/negative control (NC) was determined by dual-luciferase reporter assay. \*\**P* \< 0.01 vs the miR-NC group. (**C**) The expression of miR-381-3p in tumor tissues (n = 62) and adjacent tissues (n = 62) was detected by quantitative reverse transcription-PCR (qRT-PCR). *P* \< 0.001. (**D**) The correlation between miR-381-3p and *E2F3*. *P* \< 0.001, r = −0.6206. (**E**) The protein level of E2F3 in EC cells was detected by Western blot assay. \*\**P* \< 0.01 vs the miR-NC group.

Exosomal DLEU1 Accelerates the Migration and Invasion of EC Cells by Regulating miR-381-3p/E2F3 Axis {#s0003-s2007}
----------------------------------------------------------------------------------------------------

The effect of exosomal DLEU1 on the migration and invasion of EC cells was investigated using a co-culture model. The wound healing rate and number of invasion cells were both increased in the exo-pcDNA-DLEU1 group in contrast to the exo-pcDNA-NC group. However, up-regulation of miR-381-3p or down-regulation of *E2F3* reversed the promoting effects of DLEU1 on the migration and invasion of Ishikawa cells ([Figure 7A](#f0007){ref-type="fig"} and [B](#f0007){ref-type="fig"}, *P* \< 0.05). Subsequently, the expression of miR-381-3p and *E2F3* in receptor cells and exosomes was detected. The results displayed that both in the receptor cells and exosomes, miR-381-3p expression was down-regulated in the exo-pcDNA-DLEU1 group, and the inhibitory role of DLEU1 overexpression on miR-381-3p was reversed by miR-381-3p mimics and *E2F3* knockdown. Similarly, the promoting role of DLEU1 overexpression on *E2F3* was also reversed by miR-381-3p overexpression and *E2F3* knockdown ([Figure 7C](#f0007){ref-type="fig"} and [D](#f0007){ref-type="fig"}, *P* \< 0.01). The obtained results implied that exosomal DLEU1 might promote the migration and invasion of EC cells by regulating the miR-381-3p/*E2F3* axis in vitro.Figure 7Exosomal-long non-coding RNA (lncRNA) Deleted Lymphocytic Leukemia 1 (DLEU1) accelerates the migration and invasion of endometrial carcinoma (EC) cells via regulating microRNA (miR)-381-3p/E2F Transcription Factor 3 (*E2F3*). (**A**) The wound healing rate of EC cells was measured by wound healing assay. \*\**P* \< 0.01 vs the exo- pcDNA3.1 (pcDNA)-negative control (NC) group. ^\#^*P* \< 0.05 vs the exosomal (exo)-pcDNA-DLEU1 group (**B**) The number of invasion cells was measured by transwell invasion assay. (**C**) The expression of miR-381-3p and *E2F3* in receptor cells. (**D**) The expression of miR-381-3p and *E2F3* in exosomes. \*\**P* \< 0.01 vs the exo-pcDNA-NC group. ^\#\#^P \< 0.01 vs the exo-pcDNA-DLEU1 group.

Discussion {#s0004}
==========

EC, the culprit of tumor-related death among women globally, is one of the most serious cancers of women.[@cit0003] LncRNAs are taken part in the occurrence of several cancers, including EC.[@cit0027],[@cit0028] A recent study has displayed that the expression of PVT1 in EC tissues and cells is dramatically increased and PVT1 up-regulation appears closely related to tumor stage.[@cit0027] LncRNA BANCR expression is also found to be markedly upregulated in EC tissues and is strongly associated with tumor stage.[@cit0028] Similarly, this study revealed that DLEU1 expression was dramatically increased in EC tissues and cells and presented a notable correlation with tumor stage. Therefore, we thought that DLEU1 might be a pathogenic factor in EC.

LncRNAs have been found to act as important regulators in promoting the proliferation, migration and invasion, and inhibiting the apoptosis of EC cells.[@cit0014],[@cit0017] Previous studies reveal that CHL1-AS1 knockdown inhibits the viability and migration in EC cells,[@cit0013] and silencing of NEAT1[@cit0016] or OGFRP1[@cit0029] suppresses the proliferation and invasion of EC cells. Similar to a previous study, down-regulation of DLEU1 can inhibit the proliferation, invasion, and migration of EC cells.[@cit0017] In the current study, we found that DLEU1 inhibition suppressed the viability, migration ability and invasion ability of EC cells. Consequently, the results implied that DLEU1 might serve as a promoter in the occurrence and development of EC.

Increasing evidences indicate that miR-381 is participated in the progression of tumors[@cit0030] and serves as a suppressor in several types of tumor.[@cit0031]--[@cit0033] MiR-381 is found to be down-regulated in non-small cell lung cancer (NSCLC), and overexpression of miR-381 restrains the proliferation, migration and invasion of NSCLC cells.[@cit0031] MiR-381 expression is obviously decreased in prostate cancer (PC) and breast cancer cells and miR-381 overexpression suppresses the invasion and proliferation of PC and breast cancer cells.[@cit0032],[@cit0033] In this study, we discovered that miR-381-3p expression was significantly decreased in EC tissues and cells. Furthermore, the proliferation, migration, and invasion of EC cells could be inhibited by miR-381-3p overexpression. In line with these results, Tu et al have identified that the expression of miR-381 is clearly reduced in EC tissues and cells and up-regulation of miR-381 inhibits the proliferation and invasion of EC cells.[@cit0021] Moreover, miR-381-3p was a target of DLEU1 and negatively modulated by DLEU1, which implied that miR-381-3p might be regulated by DLEU1 to inhibit the progression of EC.

*E2F3* is widely known as an oncogene to be involved in the development of several cancers.[@cit0034],[@cit0035] Up-regulation of *E2F3* expression was observed in HCC tissues[@cit0034] and in osteosarcoma (OS) tissues.[@cit0035] In current study, we demonstrated that *E2F3* expression in EC tissues was significantly increased. Consistently, Hu et al have showed that the expression of *E2F3* is dramatically up-regulated in EC tissues.[@cit0036] Meanwhile, *E2F3* was proved to be a target gene of miR-381-3p and there was a notable inverse correlation between them. The results suggested that *E2F3* might promote the progression of EC negatively regulated by miR-381-3p.

Abundance of reports have revealed that exosomes-mediated transfer of molecular changes micro-environment of tumor, eventually leading to carcinogenesis.[@cit0011],[@cit0037] ZFAS1 mediated by exosomes promotes the progress of esophageal squamous cell carcinoma (ESCC).[@cit0038] Exosomal LNMAT2 induces tumorigenesis of bladder cancer.[@cit0039] In this study, we revealed that exosomal DLEU1 overexpression increased the migration ability and invasion ability of EC cells. However, both up-regulation of miR-381-3p and down-regulation of *E2F3* reversed the promoting effects of exosomal DLEU1 on the migration, and invasion in EC cells. Simultaneously, exo-pcDNA-DLEU1 down-regulated miR-381-3p expression and up-regulated *E2F3* expression in both exosomes and receptor EC cells. The above results suggested that exosomal DLEU1 might promote the migration and invasion of EC cells by regulating the miR-381-3p/*E2F3* axis.

Conclusions {#s0005}
===========

In a word, this study uncovered exosomal DLEU1, which acts as an endogenous sponge of miR-381-3p to promote the proliferation, migration and invasion of EC cells. Overexpression of miR-381-3p down-regulates *E2F3*, inhibiting the progression of EC cells. The present study demonstrates that exosomal DLEU1/miR-381-3p/*E2F3* axis are essential in EC progression, pointing to DLEU1 might act as a potential therapeutic target for EC.
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